The findings of low or even negative total factor productivity (TFP) growth in Singapore's manufacturing industries by Young (1995) and many others has been a controversial issue in view of its crucial role in the future sustainability of Singaporean manufacturing. This paper applies the varying coefficients frontier model to re-examine productivity growth in Singapore's manufacturing at the 3-digit industry level over the period 1970-1997. The results indicate that Singapore's manufacturing has on average experienced a -0.8 percent TFP growth per annum although the extent of TFP growth improved slightly in the 1990s. The decomposition of TFP growth into technical efficiency change and technological progress, found technological regress is responsible for the negative TFP growth. Factor accumulation remains the principal contributor to the economic miracle of Singapore's manufacturing industries.
INTRODUCTION
The manufacturing sector of Singapore on average accounted for a quarter of the overall gross domestic production (GDP) and sustained rates of output growth by more than 9 percent a year encompassing the period from 1970 to 1997, making it one of the most rapidly growing manufacturing sectors in the world. More specifically, of the major clusters within the sector, the electric and non-electrical machinery industries have grown annually by 18.2 and 11.1 percent, respectively, and both shared as high as 43 percent of the manufacturing output during the same period. Although theoretical and empirical findings that total factor productivity (TFP) growth is crucial in terms of maintaining output growth are widespread, it is difficult to draw any consensus about the role of TFP growth in the development of Singapore's manufacturing sector from the existing literature.
Regardless of different sample periods covered, data sources and adjustments, the findings of the growth-accounting based TFP studies on Singapore's manufacturing sector vary extensively from study to study (see Table 5 ).
1 Tsao (1985) , for instance, argued that the miraculous output growth in Singapore's manufacturing was not associated with high TFP growth in the 1970s. Tsao claimed that its TFP level grew by 0.08 percent per annum stemming from the annual TFP growth rates of -1.18 percent for the period 1970-73 and of 0.71 percent for 1973-79. Young (1995) even suggested that Singapore's manufacturing sector experienced an annual TFP growth rate of -1.0 percent during the 1970-90 period. In contrast to Tsao (1985) and Young (1995) , Rao and Lee (1995) found the manufacturing sector enjoyed TFP growth of 3.2 percent a year for the period 1987-94. Likewise, Koh et al. (2002) estimated that TFP growth for the overall manufacturing sector was 2.7 percent on an annual basis over the period . For more empirical studies on East Asian manufacturing TFP growth, refer to a survey by Sun (2005) .
The aim of this paper is to identify the sources of output growth for 25 Singapore's manufacturing industries, using the varying coefficients frontier model and panel data at the 3-digit industry level over the period 1970 to 1997. 2 As opposed to the conventional stochastic frontier approach, the paper presents evidence of variations in the response coefficients of labor and capital inputs. Next, this paper decomposes TFP growth into technological progress and technical efficiency and the general notion that high-tech firms will reach the production frontier more quickly than low-tech firms will be also examined.
The remainder of the paper is organised as follows. Section 2 discusses the varying coefficients frontier model to measure TFP growth. Section 3 briefly describes the sources of data, variables construction and adjustments. Section 4 presents empirical results and analyses the sources of output and TFP growth and examines the interaction between technological progress and technical efficiency change. It also conducts a sensitivity analysis to consolidate the findings of this study and compares the results with earlier studies. Summary and concluding remarks are made in section 5. The Appendix provides the decomposition analysis.
EMPIRICAL MODEL
This paper estimates the production frontier utilising the varying coefficients frontier model proposed by Swamy (1970) and Kalirajan and Obwona (1994) . On the premise that all industries have equal opportunity to access best-practice technology, a Cobb-Douglas production technology is assumed for Singapore's manufacturing at the 3-digit industry level, , ln ln ln
where i denotes the output level of ith industry measured by value added, is the labor input measured by number of employees adjusted for quality improvement, i is capital input measured by the level of capital stock. The varying intercept is
β are the response coefficients of labor and capital inputs, respectively. Equation (1) expresses that the estimated response coefficients are unique to each individual firm. Put differently, the response production coefficients vary from firm to firm according to firm-specific characteristics.
Nevertheless, the estimation of equation (1) cannot be carried out without further assumptions imposed on the random coefficients because the number of intercepts and coefficients ( ) to be estimated exceeds the number of observations ( ). To solve the difficulty, it is assumed that all the varying response coefficients are deviated from its mean in order to obtain the estimates of the coefficients, . Then, equation (1) can be rewritten as this is,
where , Griffiths (1972) presents the actual firm-specific and input-specific response coefficient estimator for the ith observation.
According to Kalirajan and Obwona (1994) , there are two implications of equation (1). First, technical efficiency is achieved by adopting the best available techniques which involve the efficient use of inputs. Therefore, the sources of technical efficiency stem from the efficient use of each input which contributes individually to technical efficiency and any other firm-specific intrinsic characteristics which are not explicitly included may produce a combined contribution over and above the individual contributions. The former can be measured by the magnitudes of varying slope coefficients ' mi β s and the latter can be obtained by the varying intercept term.
Second, the highest magnitude of each response coefficient and the intercept constitute the production coefficients of the potential production function. These production frontier coefficients, s, are chosen in such a way as to reflect the production responses following the adoption of 'best practice' techniques. Assume is the highest response coefficient of the mth input for all firms, that is, mi i m , and . Then, the potential frontier output for each firm can be expressed by
(3)
DATA SOURCES AND VARIABLES CONSTRUCTIONS
The data of Singapore's manufacturing industries used in this paper are obtained from the United Nations Industrial Development Organization (UNIDO) Industrial Statistics Database. It contains the annual data of 3-digit manufacturing industries on valued-added, number of employees and gross fixed capital formation (GFCF). Since manufacturing value added and GFCF are measured at current prices in local currencies in the UNIDO database, it is necessary to deflate those variables into constant prices. The use of local currencies for manufacturing value added and GFCF avoids the adverse influences of exchange rate fluctuations, which may mislead the decomposition of output growth. The construction of GDP and GFCF deflators can be derived using the nominal and real values of GDP and GFCF, which are available from dX for Windows 3.0, EconData. Alternatively, the data required for GDP and GFCF deflators are available from the publications of the Singaporean national accounts.
The capital stock of each industry is estimated by the conventional perpetual inventory method, I g ) is assumed stable over time, the initial capital stock can be constructed by the initial GFCF divided by the sum of the depreciation rate and the average real growth rate of GFCF in the first ten years of the sample period, i.e., Due to lack of detailed components of GFCF data, a simple average depreciation rate ( δ ) of 0.1768 is adopted from Jorgenson's (1990) estimates to depreciate Singapore's manufacturing capital stocks. The depreciation rate of 0.1768 is computed from four depreciation rates of capital subinputs: non-residential building (0.0361), machinery and equipment (0.1048), transport equipment (0.2935), and office equipment (0.2729), where land is excluded from the construction of capital stock.
Moreover, to capture the quality improvement embodied in labor input due to an increasing number of well-educated employees, the labor input is calculated as the number of employees multiplied with one plus the labor quality adjustment index over time. This effectively scales up the number of employees in later years when workers become better educated. For Singapore's manufacturing sector, the average annual labor quality adjustment index is 1.6 percent according to Young (1995) . Similarly, the paper adjusts the quality improvement embodied in capital input (GFCF) using the capital quality adjustment index of 0.5 percent suggested by Young (1995) .
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EMPIRICAL RESULTS AND INTERPRETATIONS
To realize the development of individual industries over the past few decades, it is informative to present their shares in the overall manufacturing sector prior to further discussion. Table 1 shows the average shares of individual industries in Singapore's manufacturing sector over the period 1970-97. Three dominant industries with the highest share over the sample period were electric machinery with 24.4 percent, non-electrical machinery with 18.5 percent and transport equipment with 8.7 percent. They accounted for approximately 52 percent of total manufacturing output during 1970-97 and over 60 percent during the recent period 1995-97. Given such a high share of output contributed by the three leading industries, it is evident they would heavily influence the extent of TFP growth estimate of the overall manufacturing sector. 1970-79 1980-84 1985-89 1990-94 1995-97 1970-97 Table 2 presents the estimates of frontier and mean coefficients of production function for Singapore's manufacturing sector. It is interesting to note that certain variations in the labor coefficients occurred from the start of the sample period until the late 1980s. By contrast, there were some variations in the capital coefficients from the mid-1980s. The rationale for this outcome is that on the one hand, manufacturing industries in Singapore applied labor inputs differently in the early 1970s but similarly since the late 1980s. On the other hand, the application of capital inputs was increasingly diverse after the mid-1980s. Furthermore, the returns to scale, that is, sum of the coefficients of labor and capital inputs, on the basis of estimated frontier coefficients were between 0.974 in 1979 and 1.122 in 1985. Kalirajan and Obwona (1994) . Table 3 shows the decomposition of output growth for Singapore's manufacturing industries over the 1970-97 period. The highest average annual output growth occurred in the non-electrical machinery, with 18.2 percent, followed by professional equipment with 15.9 percent, and plastic products with 11.8 percent. Conversely, sizeable negative output growth occurred in several traditional industries, such as wood, footwear, and rubber. Except for the footwear, wood and textiles industries, most industries experienced positive as well as substantial input growth.
SOURCES OF OUTPUT GROWTH
Although the average annual output growth of 9.4 percent for the Singaporean manufacturing sector between 1970 and 1997 was a remarkable performance, it was realised by utilising more resources due to extraordinary annual input growth of 10.2 percent. The result implies that the level of TFP in Singapore fell by 0.8 percent per annum. Irrespective of negative TFP growth, it is incorrect to conclude that all Singaporean manufacturing industries experienced no growth in TFP. In fact, Table 3 shows that 11 of 23 industries improved TFP; in particular, the professional equipment industry achieved the highest annual TFP growth rate of 3.5 percent, followed by textiles and other manufactured products.
Theoretical interpretation for the decline in TFP is that manufacturing industries in Singapore used more resources over time in order to maintain the same amount of output. Or, given the same amount of inputs, the Singaporean manufacturers produced less output over time. In fact, the finding of negative TFP growth of 0.8 percent per year in Singapore's manufacturing sector is not unusual in the literature on similar studies. Tsao (1985) also finds little evidence of TFP growth (0.08 percent) in Singapore's manufacturing industries between 1970 and 1979. Moreover, the result of this study is consistent with Young (1995) , who suggested that Singapore's manufacturing sector experienced an average annual TFP growth rate of -1.0 percent during the 1970-90 period. Young (1992) further explained that manufacturing industries in Singapore always adopted the most advanced technology, which might have led to productivity loss at the outset before they efficiently managed new technology.
5 If the process of adopting new technology persisted in Singapore over the past three decades, the full benefits of applying new technology might not have been entirely realised due to the lack of a learning-by-doing effect.
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Through the above empirical analysis, the paper attempts to identify four major factors driving down TFP growth in Singapore's manufacturing sector. First, TFP growth for Singapore's manufacturing sector over the 1970-75 period was severely affected by external shocks, for example, the oil crisis, leading to a significant TFP decline of 5.8 percent per annum. The surge in energy prices directed technological innovation to saving energy rather than to increasing productivity. If this five-year period is excluded, the average annual TFP growth rate between 1975 and 1997 becomes a positive 0.4 percent. Hence, it is believed that the choice of sample period is vital for TFP growth estimates in Singapore's manufacturing sector and this may help explain why Tsao (1985) and Young (1995) obtain lower TFP growth estimates because they include the 1970-75 period. 2. TFPG, TE ch. and TP denote total factor productivity growth, technical efficiency change and technological progress, respectively. Source: Author's calculation based on frontier coefficients in Table 2 Second, industries that experienced TFP decline and had higher shares in the manufacturing sector, such as electric machinery, fabricated metal products, and transport equipment, were probably responsible for the negative TFP growth. For example, if the average annual TFP growth (-3.2 percent) of the electric machinery industry with about a 25 percent share could be raised to zero or positive, it would increase the overall manufacturing sector's TFP growth estimate by 0.8 percentage points per annum.
Third, it is argued that the true depreciation rate of capital stock in Singapore's manufacturing sector may be higher than the figure of 0.1768 suggested by Jorgenson (1990) . If the depreciation rate turned out to be higher, the TFP growth estimate would improve slightly. Conversely, TFP growth estimate will be lower if the labor (capital) quality adjustment index turned out to be higher due to a growing number of better-educated workers (the use of modern capital) in Singapore.
Fourth, in contrast to Hong Kong's laissez faire policy, the Singaporean government has been actively participating in economic activities and providing many schemes, grants, and tax concessions to promote investment as documented by Huff (1999) and Ermisch and Huff (1999) . Nevertheless, excess investment may have resulted in a lower rate of capacity utilization, indicating an overestimation of capital input and understatement of TFP growth in Singapore.
Although discounting the above factors may have the effect of converting Singapore's TFP growth rate from negative to slight positive growth, it would have not brought it into line with that of other East Asian manufacturing sectors and therefore supports the finding of this study that the spectacular output growth in Singapore's manufacturing was mainly driven by factor accumulation rather than TFP growth.
DECOMPOSITION OF TFP GROWTH -HIGH-TECH VERSUS LOW-TECH INDUSTRIES
The traditional concept of treating TFP growth synonymously with technological progress used in growth accounting has narrowed the nature of TFP and ignored the importance of technical efficiency pertaining to the industry and firm's organization and effective use of available resources. To distinguish the difference, it is claimed that technological progress is measured by a shift in the production frontier, and the distance between actual output and potential output, or the production frontier, is traditionally referred to as technical inefficiency. Stated differently, TFP growth not only explicitly captures the technological progress but also reflects the improvement in using available resources and technology. The details of TFP decomposition is presented in the Appendix.
Regardless of the fact that eleven industries experienced positive TFP growth during 1970-97, the overall manufacturing sector experienced a 0.8 percent TFP decline on an annual basis. On analyzing the contribution of the components to TFP growth, a decline of 1.1 percent in technological progress was deemed to be the main cause for the negative TFP growth. 8 As for technological progress, all 23 industries uniformly experienced negative technological progress, varying from -0.9 percent per annum in the wearing apparel and footwear industries to -1.4 percent in industrial chemicals. In terms of technical efficiency change, there were only six industries with technical efficiency deterioration, especially, the electric machinery industry with the highest technical efficiency decline of 2.2 percent a year.
Intuitively, high-tech industries are often associated with high TFP growth, yet such empirical comparison has rarely been carried out in the literature. This paper compares high-tech with low-tech industries to examine two hypotheses. The first is that high-tech industries have higher TFP growth than low-tech ones. The second is that the sources of TFP growth for high-tech industries stem from technological progress, whereas those for low-tech industries come from technical efficiency improvement.
In the literature, there is no precise definition regarding the classification of high-tech and low-tech industries. Therefore, on the basis of capital-labor ratio, low-tech industries defined in this study are textiles, wearing apparel, leather products, footwear, wood products, and furniture, also known as labor-intensive or traditional industries.
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Although the capital-labor ratio for chemicals, petroleum, and iron and steel industries are generally among the highest, these industries are usually characterised as heavy instead of high-tech industries. Based on the nature of technology rather than capital-labor ratio, this study classifies the non-electrical machinery, electric machinery, and professional equipment industries as high-tech.
TFP growth estimates for low-tech industries ranged from -1.7 (furniture) to 1.9 (textiles) percent per year. As the highest (3.5 percent) and lowest (-3.2 percent) TFP growth estimates were recorded in two of high-tech industries, namely, professional equipment and electric machinery, the first hypothesis is rejected for Singapore's manufacturing industries.
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In terms of the sources of TFP growth, a similar extent of technological regress was evident across both high-tech and low-tech industries. Thus, preliminary analysis rejects the hypothesis that TFP growth in high-tech industries largely emanated from technological progress. Nevertheless, due to significant technical efficiency improvement in the textiles, leather, and footwear industries, the hypothesis of Singapore's low-tech industries gaining TFP growth from technical efficiency improvement is confirmed.
SENSITIVITY ANALYSIS
Concerns about the poor results for Singapore's manufacturing raise a number of questions regarding the choice of labor quality adjustment index (1.6 percent per annum) and capital depreciation rate (0.1768). To test the robustness of the TFP growth estimates for Singapore's manufacturing industries, several sensitivity tests using three capital depreciation rates (0.20, 0.25, and 0.30) and labor quality improvement indices (1 percent, 0.5 and 0, per annum) have been carried out in Table 4 . The tests can alleviate criticisms that a constant depreciation rate is used, based on an average of the depreciation rates used by Jorgenson, and that the depreciation rate may be increasing over time because there are much higher depreciation rates for more modern (and high-tech) capital. Table 2 It is also evident that an increase in capital depreciation rate and decrease in labor quality index generate a positive impact on the TFP growth estimates for Singapore.
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However, the impact generated by different scenarios appears to be insignificant unless the extreme capital depreciation rate (0.3) and labor quality adjustment index (0 percent) are selected. Even this could only raise average annual TFP growth from a negative estimate of -0.8 percent to a slight positive 0.4 percent which remains insignificant compared to other manufacturing sectors in East Asia.
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REVIEW OF EARLIER TFP STUDIES
The studies by Rao and Lee (1995) and Mahadevan and Kalirajan (2000) coincidently exclude the 1984-87 period of economic recession. After estimating TFP growth for two separate periods, their results contradict each other. Rao and Lee (1995) indicate that Singapore's manufacturing sector experienced -0.4 percent TFP growth over the 1976-84 period whereas Mahadevan and Kalirajan (2000) arrived an average annual TFP growth of 0.92 percent for the same period. The results remain inconsistent over the 1987-94 period, that is, 3.2 percent in Rao and Lee (1995) versus -0.52 percent in Mahadevan and Kalirajan (2000) . Table 5 shows a comparison of TFP studies for Singapore's manufacturing industries. The estimated annual TFP growth rates for the overall manufacturing sector range from -0.8 percent in this study to 2.8 percent in Leung (1997) . The TFP growth estimates at the industry level vary widely across these studies. According to Tsao (1985) , Wong and Gan (1994) and this study, the electrical machinery industry, regarded as a high-tech one, experienced negative TFP growth. By contrast, it gained substantial TFP progress according to Leung (1997) and Bloch and Tang (1999) . Inconsistencies in TFP growth estimates also appear in other industries, for example, the leather and industrial chemicals.
Table 5. Studies of TFP for Manufacturing Industries in Singapore (percent)
This study Tsao (1985) Wong and Gan (1994) Leung (1997) Bloch and Tang (1999) Koh et al. (2002 Koh et al. ( ) 1970 Koh et al. ( -97 1970 Koh et al. ( -79 1981 Koh et al. ( -90 1983 Koh et al. ( -93 1975 Koh et al. ( -94 1975 2. In addition, Bloch and Tang (1999) 
SUMMARY, CONCLUSION, AND POLICY IMPLICATIONS
This paper has investigated the sources of output growth for 25 Singapore's manufacturing industries, applying the varying coefficients frontier model and a panel data set from the UNIDO Industrial Statistics Database at the 3-digit industry level. This paper finds no evidence of TFP growth in Singapore's manufacturing sector and concludes that Singapore experienced a negative TFP growth rate of -0.8 percent per year over the period 1970-97, suggesting that the spectacular output growth in Singapore's manufacturing was mainly driven by factor accumulation rather than TFP growth. Although the study tentatively identifies that the inclusion of the 1970-75 period and industries with large TFP declines and higher shares in manufacturing, such as electric machinery, have a detrimental impact on overall TFP growth, discounting these two factors would have not brought it into line with that of other East Asian manufacturing sectors.
The comparison between high-tech and low-tech industries reveals that high-tech industries did not associate with higher TFP growth. In terms of the sources of TFP growth, the paper rejects the hypothesis that TFP growth in high-tech industries largely emanated from technological progress but confirms that the hypothesis of Singapore's low-tech industries gaining TFP growth from technical efficiency improvement. Moreover, by disaggregating TFP growth into technical efficiency change and technological progress across industries, the study holds technological decline responsible for the negative TFP growth in Singapore. Finally, in unison with Tsao (1985) and Young (1995) , the conclusion emerging from this study indicates that though TFP growth in Singapore was negligible the extent of TFP decline abated in recent years. From the policy perspective, the two components of TFP growth are analytically distinct and may have quite different policy implications (Nishimizu and Page, 1982) . On the one hand, high rates of technological progress can coexist with deteriorating technical efficiency. On the other hand, low rates of technological progress can also coexist with high improvements in technical efficiency.
Literature emphasizes that technological progress is the backbone of economic growth. Policy makers therefore tend to adopt various measures to induce investment in research and development (R&D) in order to promote technical progress. While implementing such policy measures, industries that have a high R&D component are usually given financial priority over industries with a low R&D component, even though the latter constitutes an essential part of the economy in many countries. These kinds of policy decisions are based on the following reasons: first, policy makers erroneously think that once the technology is identified, entrepreneurs will use them effectively; second, the growth of high-tech industries is more technology-driven than that of low-tech industries; and third, high-tech industries are more effective in using the chosen technology than low-tech industries.
However, a number of theoretical models on technology adoption argue that after firms adopt a new technology, not all of the expertise in the old technology transfers to the new technology, and there is a period of technology-specific learning (Hornstein and Krusell, 1996; Greenwood and Yorukoglu, 1997) . Focusing heavily on technological progress but ignoring possible improvement in technical efficiency may result in lower TFP growth because it may take some time for firms to reap the full potential of the new technology. If the technology has not been used to its full potential, introducing new technologies or upgrading the existing technology is wasteful (Kalirajan et al., 1996) . 1. Despite its wide popularity, growth accounting has been seriously questioned as an appropriate means of explaining the role of technological progress in the East Asian economic miracle. In contrast to Krugman's and Young's hypothesis, Chen (1997) considers the concept of TFP growth in detail and asserts that it should not be regarded as technological change because TFP growth on the basis of growth accounting is defined as disembodied, exogenous and Hick-neutral technological change. Rodrik (1998) has particular concerns about the assumption of an elasticity of substitution between labor and capital of one for East Asian economies. If the true elasticity of substitution is less than one, this implies that technical change is no longer Hicks-neutral and TFP growth is underestimated. Likewise, Felipe (1999) argues that an important part of technological progress is embodied in the factors of production, so that conventional TFP growth may not be convincing in terms of accounting for technological progress in East Asian economies and predicting their future. 2. As for the sample period examined in this paper, it is from 1970 to 1997 mainly due to availability of data set collected in January 2001. 3. If the average real growth rates of GFCF were chosen from individual 3-digit manufacturing industries, in some cases the initial capital stock could become negative due to the dramatic fluctuations of GFCF in several 3-digit industries. The average annual real growth rate of GFCF in the initial ten years for the Singapore's (1970-80) manufacturing sector was 0.0840. Note that the average annual growth rate of GFCF is geometric not logarithmic. 4. The outcome of the quality adjustment can be easily worked out. For example, the adjustment for capital input will raise the growth of capital input; subsequently it reduces the degree of TFP growth slightly. The magnitude of reduction in TFP growth due to the quality adjustments for labor and capital inputs is therefore interpreted as 'embodied technological change'. 5. This proposition has been recently examined by Huggett and Ospina (2001) . From annual plant-level data in the Colombian manufacturing sector, they find evidence that a large investment in equipment will simultaneously reduce TFP growth by 3~9 percent. 6. Young (1992, pp. 38-43) provides his bounded learning-by-doing model to reconcile the results for Singapore. 7. A number of studies, including Tsao (1985) , Toh and Low (1996) , and Swee and Low (1996) , have provided other interpretations for the low estimated TFP growth in Singapore. 8. If the 1970-75 period is excluded, this study suggests deterioration in technical efficiency was the main cause of low TFP growth in Singapore over the 1975-97 period. This outcome is consistent with the finding of Mahadevan and Kalirajan (2000) . 9. For instance, R&D expenditure ratio is also a good indicator in defining high-tech and low-tech industries; yet, such data are unavailable in the UNIDO database. 10. Wong and Gan (1994) also find that the high-tech industries such as electrical machinery and electronic products, and industrial machinery experienced TFP decline by 0.54 percent and 2.32 percent, respectively. 11. In addition, it is observed that when the capital depreciation rate is fixed, say, 0.20, an increase in labor quality adjustment index only alters technical efficiency improvement but not technological progress because the calculation of technological progress is based on the initial capital and labor input.
12. The sensitivity analysis clearly shows that a larger labor quality adjustment index generates higher input growth resulting in lower TFP growth. On the other hand, a larger capital depreciation rate creates higher TFP growth because of less capital input.
APPENDIX
The conventional Solow residual or growth accounting does not distinguish between the effects of technical efficiency change and technological progress. Following the rationales introduced by Nishimizu and Page (1982) , TFP growth can be decomposed into two components, technological progress and technical efficiency change. Figure A .1, 1 and 2 refer to the potential production frontiers at periods, 1 and 2 T , i.e., the efficient production technologies, from which maximum potential outputs are estimated from equation (3). The x F F T 1 and x 2 (in logarithms) are the levels of inputs and ij (in logarithm) is the output level, where denotes technology (or production frontier) and y i j represents the level of inputs. Finally, the asterisk (*) denotes that firms efficiently operate on the production frontier. According to Figure 1 , the decomposition of output growth ( 11 22 y y − ) into input growth, a movement towards production frontier and a shift in production frontier can be described as follows. Output growth = ) ( 
